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FOREWORD 
The special investigation on growth and development is a 
cooperative enterprise in which the departments of Animal 
Husbandry, Dairy Husbandry, Agricultural Chemistry , and 
Poultry Husbandry have each contributed a substantial part. 
The parts for the investigation in the beginning were inaugur-
ated by a committee including A. C. Ragsdale, E. A. Trowbridge, 
H. L. Kempster, A. G. Hogan, and F . B. Mumford. Samuel 
Brody served as Chairman of this committee and has been 
chiefly responsible for the execution of the plans, interpretation 
of results and the preparation of the publications resulting from 
this enterprise. 
M. F . . MILLER 
Director Agricultural Expcritncnt Station 
GROWTH AND DEVELOPMENT 
With Special Reference to Domestic Animals 
LII. Relation Between Organ Weight 
and Body Weight in Growing 
and Mature Animals '* 
s. BRODY AND H. H. KIBLER 
ABSTRACT 
Detailed charts are presented relating the weights of each 
of the major visceral organs to the corresponding body weights jn 1) mature mammals of different species; 2) mature birds of 
different species; 3) animals of the same species, growing and 
mature. The relative-growth equation Y = aX" was fitted to 
each set of data. and the numerical values of the exponent, b. 
discussed with reference to .the metabolic levels. For mature 
animals of different species, the weights of the neuro-endocrine 
systems, such as the brain and pituitary gland, which are the 
metabolism-controlling organs, tend to increase with approxi-
mately the same fractional power as does basal metabolism; 
the cardio-respiratory systems, such as the heart, which 
carries the working burd~n of the body, tends to increase more 
directly with body weight than with the basal metabolism. The 
organ-body relations in growing animals vary with the stage 
of growth; the value of b fends to be lower for later growth i.n 
the same species than for mature animals of different species. 
The results are discussed from theoretical and practical view 
points. 
I. IN.TRODUCTION 
l. Body Form Versus Body Weight 
Weight, linear, and surface growth are all parts of the 
same process, yet they proceed at different rates because of certain 
geometric and mechanical laws to which living as well as non-
living bodies are subject.' 
Thus, as known from elementary geometry, weight (volume) 
varies in proportion to the cube of linear size and surface area 
varies with the square of linear size. Hence during growth, 
weight increases more rapidly than surface area, and still mor~ 
rapidly than linear size. 
*Grateful acknowledgments are made to the NYA for computation assistants. · 
1Fvr review of literature see · Missouri Agr. Exp. ' Sta. Res. Buts. 67, 1924 and 262, 1937. 
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It may likewise be demonstrated by dimensional analysis 
that the power of an engine, or the metabolic rate of an animal, 
tends to vary with the square of linear size, that is, with surface 
area rather than with weight. 
Similarly, in order to retain stability, large objects, living 
as ·well as non-living, must be different in form from small 
objects, because while the pull of gravity on a body varies 
with the cube of the linear size, the tensile strength of supporting 
structures (the animal's limbs, muscles. and bones, or the bridge's 
girders) . varies with the square of linear size (cross-section area). 
Moreover, the surfaces, through which diffusion, nutrition. and 
excretion take place vary with the square of linear size. To be 
sute, engineers have designed machines to modify these obstacles, 
and in the course of evolution animals have developed ways to 
increase areas by various types of foldings, invaginatiohs, con-
volutions, ceilings, villifications, etc., but there are limits to ~uch 
modification. Change in form during growth is thus a neces3ary 
consequence of geometric interrelations and mechanical ten-
sions, and qrrowth in 'size necessarily involves change in form. 
Large and small animals are not similar geometrically. 
2. Function V ~rsus Form. 
Just as change in size inevitably carries with it change in 
form, so change in form .inevitably carries with it change in 
function. Indeed function and form are two aspects of the same 
thing: Form is a structural expression of function, or function 
is a physiologic ·expression . of form. The art of animal judging 
is, of course, based on this correlation, and, wrongly or rightly, 
we all tend, consciously or unconsciously, to judge function 
by form. The fact that our judgment is so often wrong does 
not refute the deep-seated conviction that function is a reflection 
of . form, but is attributable to our observatiomil limitations; 
the external features constitute but an insignificant aspect of 
the structure and organization of the body as a whole. 
3. Visceral-organ Weight: Versus Body Weight:. 
The functions in which we are interested, such as energy 
metabolism, protein metabolism, milk production, egg produc-
tion and meat production (growth) depend for activation on the 
visceral organs and systems. Foremost among these are the 
"energy-releasing"' organs, namely nervous and endocrine sys~ 
terns, especially the brain, pituitary, adrenal, and thyroid glands. 
The digestive system, .which feeds the energy to the internal 
organs, is no less important. co.:.equal in importance to the 
first two, and often the limiting factor · in metabolic processes, 
'This term is from Crile. See, for example, Crile, G., The phenomena 
of _life. New York (Norton), 1936. 
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is the cardio-respiratory-renal system, which transports the 
nutrients, including oxygen, to the various organs as needed, 
and eliminates the wastes. 
How are the visceral-organ weights correlated with body 
weight and with the metabolic processes? Does the ratio 
visceral-organ weight b d ·. ht become smaller or larger with increase 
o y we1g 
in body weight. And how does the change.in the ratio of visceral-
organ to body weight influence the levels of metabolic and 
productive processes? 
It was demonstrated in preceding bulletins of this series' 
that the -ratios of many functions to body weight decrease with 
. functional level 
increasing body weight. Why do these ratlos b d . ht o y we1g 
decrease with increasing body weight? We believe that the 
decline in the ratios of functional levels to body weight with 
increasing weight reflects the decline in the ratio of the weight 
of limiting visceral organs to body weight. A priori consider-
. . . visceral-organ weight . 
ations suggest that the ratiO b d . ht should dechne 
o y we1g 
with increasing body weight, because from the principle of simil-
. d h ' . supporting structural (muscles & . bones) 
1tu e, t e ratiO b d . ht must o y we1g 
increase with increasing body weight. The major purpose of 
this bulletin is to present the results of an analysis of the rela-
tion of visceral-organ weight to body weight, and to, discuss the 
possible bearings of these results on the relation of the level 
of functional activity to body weight. 
4. Relative-g:t'owth and Methods of Its Investigation 
and Representation. 
As explained above, the rates of growth are different for 
each: body weight, surface area, linear size, supporting ~truc­
tures, visceral-organs, and so on. The expression relative urowth' 
is employed to represent the relation between the growth rates 
of the various structures and functions. 
Relative-growth may be investigated in different ways. 
One method, illustrated by Fig. 1, consists in plotting the meas-
urements under consideration; for example, w'eight, circum-
ference of chest, and height at withers against age and com par-
'Missouri Agric. Exp. Sta. Res. Bulls. 220, 238, 244, 278, 287. 
·'For derivation of this term cf. Missouri Agr. Exp. Sta. Res. Bull. 262. 
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Fig. I.-Weight, chest girth, and height at withers of full-fed and 
underfed steers plotted against age on arithlog paper. Note the relative 
rate of increase of these three indices of size, and the influence of the plane 
of nutrition on them. This is a good, but not satisfactorily quantitative way, 
of representing relative growth rates. (From p. 94, Missouri Agri. Exp. 
Sta. Res. Bul. 96). 
ing the slopes of the various curves. This method is rather 
qualitative in nature. 
Another method, represented in Fig. 2, consists in plotting 
against age the ratios of one organ, Y, to another organ, or to 
body weight, X. This method has some advantages; it is not, 
for example, possible to plot significantly wide ranges of data 
on the same scale (See Fig. 3). 
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Fig. 2.·-Relative-growth in terms of percentage of one organ, Y, to 
another or to -body weight, X, plotted against age on arithmetic paper. This 
y 
method of representing relative growth, 100 - .is more widely understood, . X 
but is usually inferior in some analytic respects to the method of plotting 
one organ, Y, against another organ or -against body weight, X , and fitting the equation Y = aXb. 
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Fig. S. Ratio of organ weight to body weight plotted against body 
weight on arithmetic paper. The scales have to be frequently changed in 
order to crowd in all data. Arithmetically-divided paper does not permit 
plotting significantly wide ranges of data. 
A third method, used entirely in this report, consists in 
plotting one measurement against another on logarithmic paper 
as illustrated in all of the following charts, and as previously 
explained_' 
From the statistically-analytic viewpoint, this report consists 
in plotting organ weight against body weight on logarithmic 
paper, fitting (by the method of least squares) the relative-
growth equation 
y = axh (1) 
to the data, and comparing the numerical value of b of this 
equation relating visceral-organ weight to body weight to that 
relating metabolic levels to body weight_ In this equation Y is 
organ weight or metabolic level and X is body weight_ 
We may recall, what was previously explained", that if 
this equation fits the data, it means that increasing body weight, 
''Missouri Agr. Exp. Sta. Res. Bull. 262. 
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X, by 1% increases organ weight, Y, by b %. Thus it was shown• 
that the basal metabolism, Y, is related to body weight, X, of 
mature animals of different species by the equation 
Y = 70.5 x··· 
This means that increasing body weight, X, by 1% increases 
heat production, Y, by 0.73%; or doubling body weight, X, 
increases heat production by 73%. This equation also means 
that the heat production per unit simple weight is not constant, 
but that the heat production per (weight)·" tends to be constant, 
namely 70.5 Calories per (weight) kg·"'. ·The ref el'ence base for 
metabolism is thus not simple weight, but the 0.73 power of 
body weight, namely, X·"'. 
Similar interpretations are to be given for all equations 
employed in this report. 
5. The Da:ta 
Originally this research was undertaken for the purpose 
of correlating organ weight to body weight of farm animals, a 
project initiated at the Missouri Station many years ago, by 
Trowbridge, Moulton, Haigh and associates. However, large 
bodies of data appeared in the literature recently', and for the 
purpose of generalization, it seemed best to include in this 
analysis all the easily available data regardless of source . The 
sources of data are indicated on the chart and in the appendix. 
Each chart represents two kinds of data: 1) mature animals 
of different species; 2) growing animals of the same species. 
The equations for the mature animals of different species are 
more reliable than for animals of the same species, growing 
or mature. The relative unreliability of the equations for grow-
ing animals is due particularly to the smaller number of data 
and to the fact that the slope changes during growth; in other 
words, the value of the equation constants depends on the age 
of the animals. Thus the slopes, b, of the curves relating organ 
weight to body weight during the prenatal period in Fig. 4, 
are much higher than the slopes of the corresponding curves 
during the post natal period (Figs. 7, 13, and 14). The relative 
unreliability of the equations for mature animals of the same 
species, such as dairy cattle" shown in Fig. 5, is due to the 
"Missouri Agr. Exp. Sta. Res. Bull. 220. 
'The most impressive, indeed monumental, set of data on organ weight 
and body weight was recently published by Crile, G., & Quiring, D. P ., A 
record of the body weights and certain organ weights of 3690 animals. 
Ohio J . Sc. 40. 219, 1940. 
"The curves in Fig. 5 represent equation (1) fitted by the method of 
least squares to .data kindly furnished by W. W. Swett, of the Bureau of 
Dairy Industry, U. S. D. Agriculture. For details, see Swett, W. W., & 
Graves, 'R. R., Relation . between conformation and anatomy of cows of 
unknown producing ability. J. Agr. Res. 58, 199, 1939. 
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Fig. 4.-0rgan weight (lung, kidney, brain, liver) plotted against body 
weight for prenatal growth. Compare the high values of the slopes (the 
value of b in the equation Y = aX") in this chart with those given for the 
corresponding organs for postnatal growth in Figs. 7, 13, and 14. 
narrow range in body weight and organ weights in relation 
to the variability in such animals. When the range of data is 
narrow in relation to the variability, the slope of the curve, 
when fitted by the method of least squares, tends to be low as 
indicated by comparison of the numerical values of the slopes 
in Fig. 5 for mature animals of the same species (dairy cattle) 
and Fig. 6, mature animals of different species. 
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Fig. 5.-The relation of organ weights to body weight in mature cattle. 
The curves represent the equation Y = aX" fitted by the method of least 
squares to data kindly furnished by W. W. Swett, Bureau of Dairy Hus-
bandry, U. S. D. Agriculture. For description of animals see Swett, W. W. 
and Graves, R. R., J. Agr. Res. 58. 199, 1939. The numerical values at the 
beginning and end of curves represent. the organ weight in pounds for 800 
and 1600 pound cattle. 
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II. SUMMARY CHART OF THE RELATION BETWEEN 
ORGAN SIZE TO BODY SIZE OF MATURE ANIMALS 
OF DIFFERENT SPECIES, AND THE THEORY 
OF METABOLIC ACTIVATORS. 
This bulletin presents a rather elaborate study of the organ-
to-body relationship, and a very respectable book might be 
written discussing the results in detail. This report is, however, 
a brief bulletin, not a book, and the simplest way to condense 
the material within the compass of a brief bulletin is to present 
the results graphically. Large masses of numerical data can be 
represented by a small chart just as large continents can be 
represented on small maps. The summary chart, Fig. 6, repre-
sents a very large body of data. 
Fig. 6 is a summary of the results of all our analyses on 
the relation of organ weight to body weight in mature animals 
of different species. The continuous lines represent mature 
mamma-ls of different species; the lighter broken curves represent 
mature birds of different species. (Extrapolations for mammals 
beyond the range of observed data are represented by broken 
lines P..:.ceavier than the lighter curves for birds.) 
Fig~ sho~s-that for maturernamma.Is-oT different speC!es,-
the basal heat production increases with the 0.73 power of 
body weight•; the brain weight increases with the 0.70 power 
of body weight, . virtually. the same as for basal heat production; 
the pituitary, increases with 0.76 power of body weight: the 
adrenals with the 0.80 power and so, on. Without exception the 
visceral-organ weights in mature a.nim..als of different species in-
crease with a fractional power of body weight, that is, the 
weights of visceral organs do not increase as rapidly as the 
body as a whole. 
The most conspicuous feature about Fig. 6 is that the slope 
of the curve relating brain weight to body weight is virtually 
the same as the slope relating basal heat production to body 
. metabolic rate t d t b 
weight. This means that the ratw . . en s o e bram we1ght 
h . metabolic rate, the same for small and large animals; t e rat10 b d . ht o y we1g 
on the other hand, declines rapidly with increasing weight. 
9This means that increasing body weight by 1% increases basal heat 
production by 0.73%; or doubling body weight. increases heat production 
73%. This increase in heat production by 73% is in the instantaneous, dif-
ferential calculus, sense. · Th'e conventional method of computing per cent 
gives a much lower value, about 66%. · Likewise for the other slopes, the 
conventional method · for computing percentage' increase is considerably 
below the values obtained by the slope or differential calculus method. 
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Fig. 6.-Summary of the curves representing the relation of organ weight 
to body weight of mature mammals (heavy lines) and ·birds (light broker, 
lines) of different species. The numerical values of the slopes (b in the 
equation Y . = aXb) and of the standard error, Sb, of the · slopes, b, are given 
for each curve. The low values of Sb indicate a high degree of stability 
for these slopes, especially for the mammals. 
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Does this close sta.tisl'l:cal correlation between brain weight 
and metabolism imply the presence of a similarily close physio-
logic interrelation between brain weight and metabolism? It 
may be so. It is known that the blood supply to the brain-about 
13% of the cardiac output (according to Barcroft and others)-
. is all out ofproportion to the relative weight of the brain. Kest-
ner'" estimated that under basal-metaboris·m conditions nearly half 
of the blood passes through the brain. Hence Kestner's con-
clusion that under basal metabolism conditions the brain probably 
conditions the level of basal metabolism. 
Crile11 very emphatically called attention to the metabolic 
importance of the brain: "The brain is the universal executive 
of energy and is adaptively controlled by the thyroid glands for 
its constant energy and by the adrenal glands for its emergency 
energy". Throughout the animal kingdom the primary role of 
the brain is to maintain body temperature and to drive the 
muscles and organs in attack and escape. It is the function of 
the brain alo:r:te to execute the oxidation for the long and short 
swings of both the thyroid and the adrenal glands. We found 
that it requires 1 gram of brain to execute 12.115 Calories in 
twenty-four hours." 
The influence of environmental temperature, and conse-
quently of the level of heat production, on size of brain was 
demonstrated in spectacular manner by Crile and Quiring" 
on two animals of the same weight, namely a 521 kilogram 
horse and a 521-kilogram White or Beluga Whale. The total 
daily heat production must be greater in the whale than in the 
horse because sea water conducts heat 27 times as rapidly as 
air, and moreover the water in which the whale lives is below 
0°C, much lower than the average air temperature in which 
the horse lives. The whale, generating more heat than the horse, 
had a brain 2.9 times and a thyroid 3.2 times larger than the 
horse. Hence the causal relation of brain and thyroid to heat 
'"Kestner, 0. Metabolism of organs. Proc. Physiol. Soc. May 16, 1935, 
in J. Physicol. 87. 1936. 
"Crile, G. A neuro-endocrine formula for civilized man. R eprint from . 
"The Educational Record Su,pplement" for Jan., 1941, Am. Council Educa-
tion. Washington, D. C. .· 
"Crile, G. & Quiring, D. P. A comparison of the energy releasing 
organs of the white whale and the thoroughbred horse· "Equipoise", (;rowth, 
4. 291, 1940. 
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production, and the conclusion that certain of the visceral or-
gans, especially the brain, are "energy activators"." 
There is no question but that there is a better mathematical 
correlation . of the metabolic processes to the weights of the 
visceral organs, and of surface area, than to simple body weight. 
The question concerns only the causal or physiological interre-
lation between them, and the aforecited arguments of Kestner, 
and of Crile & Quiring, lend support to the theory that the 
size of the brain and of certain visceral organs is, among others, 
an important conditioning factor of the· metabolic level, cer-
tainly no less important than surface area which physiologists 
usually stress. It is misleading, however, to say that the brain 
alone, or the surface area alone, is the "cause" of a given level 
of heat production. Brain, surface area, and other organs are 
all interrelated with the metabolic level, but the function of 
each is different. The surface area with its nervous and circula-
tion net work has a heat-dissipating function; the neuro-endo-
crine system has metabolism-stimulating and metabolism-coor-
dinating functions. They are all important in their own ways. 
III. INDIVIDUAL CHARTS RELATING ORGAN 
WEIGHT TO BODY WEIGHT 
The curves in the composite-chart, Fig. 6, are discussed in 
greater detail in the following individual charts which have 
both the curves of mature animals of · different snecies and of 
growing animals of the same species. As previously noted, the 
equation constants for animals of the same species, growing or 
mature, are less reliable than for mature animals of different species. 
In the following charts, all on logarithmically-divided paper, 
the mature ;nmwmals of different species are represented by heavy 
continuous lines, the .mature birds of different species by heavy 
broken lines; the animals of the smne species of different weight, 
growing or mature, by lighter continuous curves labelled (GR). 
The very light broken lines on each side of the heavy 
continuous lines (for mature mammals of different species) rep-
resent the standard errors of estimate, Sr, which include be-
tween them 2,!3 of the data points. 
~'The following table from Crile illustrates the influence o.f environ-
mental temperature on relative weight of !:>rain, thyroids, adrenals, and 
the heart. 
Animal group 
Tropical rodents 
Northern rodents 
Tropical carnivors 
Northern carnivors 
Tropical ungulates 
Northern ungulates 
Cetacea 
Brain 
.10 
.13 
.39 
.61 
.65 
.70 
2.30 
"Relative Size" 
Thyroids Adrenals 
.09 .44 
.20 .72 
.43 .38 
.60 .29 
.41 .29 
.43 .29 
1.60 .37 
Heart 
.11 
.13 
.25 
.44 
.36 
.52 
.37 
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Table 1A. The Relation of Organ Weight to Body Weight by Approximately Mature Animals of 
Different Species, Metric System. 
Qx:gan :W:~is:lu: 
Animals Live Heart Liver Lung Blood Stomach Kidney Brain Pitui- Adrenal Thyroid 
Weight and tary 
Intestines 
!Is: 2:m lml gm gm im e.m i.m gm gm lml 
Dairy cows 488 1880 6400 3600 21,300 25,200 1160 400 3.2 31 34 
Steers 700 2300 5000 3900 25,000 1000 500 
Sheep 52 280 960 710 1,100 2,900 160 106 8 10 
Hogs 125 350 1600 4,900 2,200 260 120 6 7.5 
Horses 600 4250 6700 5400 1660 670 40 42 
Chickens 1.3 7. 28 10 50 90 10 4 .19 .19 
Dogs 10 85 420 120 700 1,500 70 75 1.3 1.0 
Rats .25 .94 12 1.3 15 20 2.1 2 .015 .048 .038 
Guinea Pigs .8 2.3 27 5.0 28 5.6 4.7 .017 .65 .13 
Monkeys 4.5 23 110 30 300 21 42 1.0 .55 
Humans 60 320 1700 4,300 250 1300 13 24 
Elephant 6,650 2,200 6300 1200 5700 44 36 
Whales 58,000 4500 1380 
Whales 122 000 631 000 8 000 000 
Table lB. The Relation of Organ Weight to Body Weight in Approximately Mature Animals of 
Different Species, Pound System. 
Organ Weight 
Animals Live Heart Liver Lung Blood Kidney Brain Adrenal Thyroid 
Weight lbs. lbs. lbs. lbs. lbs. lbs. 
or or or or or or 
llls QZ QZ QZ QZi az. Q:Za QZ QZ 
Dairy cows 1,076 4.llbs. 14.1 lbs. 7.9lbs. 47 lbs. 2.6 lbs. 14 oz. 1.r 1.2 
Steers 1,540 5.llbs. 11 lbs. 8.6 lbs. 55 lbs. 2.2 lbs. 18 oz. 
Sheep 115 10 oz. 2.llbs. 1.6 lbs. 2.4 lbs. 5.6 oz. 3.6 oz. .28 .35 
Hogs 275 12 oz. 3.5 lbs. 10.8 lbs. 9 oz. 4 oz. .21 .26 
Horses 1,320 9.4 lbs. 14.8 lbs. 11.9 lbs. 3. 7 lbs. 1.5 lbs., 1.4 1.5 
Chickens 2.9 • 25 oz. 1 oz. .35 oz. 1.8 oz. .35 oz • .14 oz .. .007 .007 
Dogs 22 3 oz. 15 oz. 4.2 oz. 1.5 lbs. 2.5 lbs. 2.6 oz. .046 .035 
Monkeys 9.9 .8 oz. 3.9 oz. i.1 oz. 11 oz. 7.4 oz. 1.5 oz. .035 .019 
Humans 132 11 oz. 3.7 oz. 9.5 lbs. 9 oz. 2.9 lbs. .46 .85 
Eil~l1hl!nt H §QQ ~!! llls. 13 a l.bs. ;!,6 lbs. 12 § ll!s u~ 1.2!i 
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The average line represents the relative-growth equation Y aXb fitted to the respective data by the method of least 
squares. The constant rho, the index of correlation, has the 
same significance for these curves as the constant r, the co-
efficient of correlation, for linearly-related data. 
The given data points (circles except where otherwise in-dicated for a special reason) represent mature animals of dif-ferent species only. (The data points for the birds and growing 
animals of the same species are omitted in the interest of legi-bility.) Each of the data points is the average of a number of 
animals. The number and sources of data are listed in the 
appendix. The "prediction" values (computed from the fitted 
equations) for organ weight corresponding to given body weight 
are also given in the appendix. 
Table 1 gives a concrete idea concerning the relation . of 
organ weight to body ·Weight in approximately mature animals 
of different species. 
I. Brain Weight. 
There are perhaps more data on brain weight than on any 
other organ because of the human interest in the problem. It 
was beliEved from time immemorial that man is characterized by a ver~ large brain, yet this could not be demonstrated. Thus the· absolute. weight of the brain (in pounds or grams) is larger in large animals; elephants for example, than in humans; the 
relative weight of the brain in co1n.pa,rison to the weight of the body, 
on the other hand, is larger in small animals, such as rats or 
chickens, than in elephants. Species comparisons of brain weight 
can not be accomplished, therefore, by comparing absolute brain 
weights or by comparing the ratios of brain weight to simple body weight. 
It is this interest that led Snell", DuBois", and Lapicque''' to compare the logarithms of the brain and body weight, essen-tially the method here employed. 
Fig. 7 presents some of the available data on the relation 
of brain weight to body weight plotted on logarithmic paper. As previously noted, the brain weight in mature mammals 
of different species varies with, approximately, the 0.7Q power; that is, doubling body weight increases brain weight about 70% 
''Snell, 0. Arch Psychiatrie und Nervenkrankheiten. ~3. 436, 1891. 
'"DuBois, E. Bull. Soc. Anthropol. (Paris), 8, 337, 1897 (and many papers thereafter). Professor Eugene DuBois, .distinguished Dutch anthropologist, died at age 82 years at the time of this writing in M.an:h, 1941. It was DuBois who discovered, in 1891, the "missing link" called Java Man, or Pithecanthropus erectus in Haelen, Belgium. 
"Lapicque, L., C. R. Soc. Biol. (Paris), SO, 62, 1898, and many papers thereafter. 
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(in the differential calculus sense). The values of +Sr and 
-Si: indicate that 2j 3 of the data fall between +64 and -39% of 
the average curve. The index of correlation, which is 0.97, is very 
satisfactory. The value of the exponent for birds is considerably 
less than for mammals, meaning that, in comparison to small 
birds, large birds have relatively smaller brains than mammals. 
The other curves and equations in Fig. 7 represent the 
brain-body relations of animals in various stages of growth. Ex-
cept for the early stages of growth (see the 1 to 15 day interval 
post natal growth in the rat, in the upper-left inset chart), the 
slopes of these curves (for animals of the same species) are 
usually very much lower than for mature animals of different 
species, the exact values depending on the period of growth. 
The later the period of growth, the lower is the slope. 
Note that the brain weights of small whales (triangles), of 
Simians (X's), and especially of man (black circles), are very 
much above the average line, while those of large whales, are be-
low the average. These species were not included in computing the 
equation represented by the curves. 
Summarizing this section, the slope of the curve relating 
brain weight to body weight of mature animals of different 
species parallels the slope of the curve relating basal metabolism 
to body weight of mature animals of different species. The 
values of slopes relating brain weight to body weight in growing 
anima £s of the same species depend on the growth period; the 
younger the animal the steeper the slope. During the later 
periods of growth, for which most data are available, the slopes 
are very much below that for mature animals of different species. 
2. Pituitary Weight. 
Few data are available on the pituitary weight. Because of 
the importance of this organ, the available data, even if few, 
were charted in Fig. 8. 
It appears that the slope relating pituitary weight to body 
weight in mature animals of different species, namely 0.76, is 
quite close to the slope of the curve relating basal metabolism 
to body weight, namely 0.73. 
As with brain weight, age is an important factor condition-
ing the slope of the pituitary curve of animals of the same species. 
3. Heart Weight. 
As previously indicated, the metabolic level depends on the 
interrelations of several systems, including the stimulating or 
afferent (neuro-endocrine) system, and the receptive or efferent 
(cardiovascular) or operating systems. The brain and pituitary 
discussed above exemplify the stimulative system, the heart 
vi 
~ 
\.9 
a: 
1-
::r:: 
~ 
3: 
>-
"" < 1-
::::> 
1-
c.. 
20 MISSOURI AGRIC~LTURAL ExPERIMENT STATION 
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E' •.993 
BODY WEIGHT, M, KG S. 
Fig. -8.-The relation of pituitary weight to body weight. 
discussed in this section exemplifies the receptive or operating 
system. 
The heart-weight is correlated with the exercise level of 
the species and individual. This is illustrated in Fig. 9. Thus 
aquatic animals invariably have relatively smaller hearts than 
terrestial animals because aquatic animals being counterpoised 
by the water, are not obliged to overcome the pull of gravity, 
as are t•errestial animals which when walking and running, 
must make successive liftings of the body against gravity. 
Likewise, among terrestial animals, those known for their run-
ning ability, such as horses and dogs, have relatively larger 
hearts than domestic pigs or guinea pigs. 
Similarly, as might be expected, and as shown in . Fig. 9, 
the heart weight tends to vary more directly with body weight 
(rather than with basal metabolism) during growth than would 
some other visceral organs, such as the neuro endocrine system; 
because the work performed by the heart in walking ·varies 
directly with the body weight. In other words, the slope, b, of 
the curves relating heart weight to body weight is in many 
cases very close to unity, as shown in Fig. 9; still, especially as 
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Fig. 9.-The relation of heart weight to body weight. See also Fig. 10 in 
which data points are given. 
shown in the insert on the upper-left cor:p.er of Fig. 9, it is 
much better to relate heart weight to body weight by the 
power, or logarithmic, equation y = ax•, than by the linear 
equation Y = a + bX. 
4. Other Visceral Organs. 
The. above discussions for the typical visceral organs, namely 
brain, pituitary and heart, are applicable, with slight variations, 
to practically all other visceral organs. The charts for the 
other visceral organs in relation to body weight are therefore 
presented in the appendix without much discussion. 
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IV SUMMARY 
This bulletin presents charts relating weights of visceral 
organs to weight of body in 1) mature animals of different species 
and 2) mature and growing animals of the same species, and 
an interpretive philosophy for the peculiar interrelations. 
The outstanding factual result is that there is a close statis-
tical correlation between the slopes relating the weights of 
the neuro-endocrine systems to that of the body, antl the slopes 
relating metabolic levels to that of the body. In both cases the 
slopes (values of b in the equation Y = aXb) are considerably 
less than 1. This result is in harmony with the theory, especially 
sponsored by Crile and Quiring and by Kestner, that the neuro-
endocrine systems, especially the brain, are limiting factors in 
conditioning the "basal" metabolic levels. 
The weig'hts of the circulatory system, especially of the 
heart and blood, tend to vary more directly with body weight (b is nearer 1), because the work performed by the heart in 
locomotion of the animal tends to vary directly with body 
weight. 
The given value of the exponent, b, in the relative-growth 
equation Y = aXb relating visceral organ weights to body weight 
are more reliable for mature animals of different species, than for 
the same species, mature or growing. The numerical values of b 
are higher for mature animals of different species than for the 
later-growth stages or for mature animals of the same species. 
During the early stages of growth, however, the values of b 
are higher for growing than for mature animals of different. 
species. 
"Prediction" tables, based on the fitted relative-growth 
equation Y = aXb ar.e given. Knowing the body · weight. the 
organ weights may be estimated from these tables. 
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V. APPENDIX 
1. Charts. 
The followuig charts supplement those given in the main 
text 
Fig. 10, on heart weight, supplements Fig. 9 in showing 
the individual growth data for mature animals of different 
species; also, in the upper-left insert, the prenatal relation be-
tween heart and body weight in mart, chick and pigeon. 
Fig. 11 shows that the blood weight varies almost linearly 
with body weight; that is the exponent in the equation .is near 
unity. 
Fig. 12 shows that the kidney weight varies with the 0.50 to 
0.85 power of body weight depending, among other factors, on 
the fatness of the animals. 
Fig. 13 shows that the liver weight varies with the 0.87 
power of body weight in mature animals of different species, 
and with the 0.70 power of body weight during the later stages 
of growth. 
Fig. 14 indicates that the lung weight tends to vary almost 
linearly with body weight in mature animals of different species, 
and with the 0.7 to .8 power of body weight fn the same species (usually in the later stages of growth). 
As might be expected from the wide species differences in 
the structure of the digestive tract, its weight is not .correlated 
satisfactorily with body weight, as indicated in Fig. 15. 
2. Prediction Tables . 
. Table 2A presents, in the metric system, the absolute organ 
weights for given absolute body weights of mature animals of 
difjere11t species, computed from the fitted relative-growth equa-
tion Y = ax•. Table 2B presents the same values in English units. 
Table 3 presents the same data in terms of percentage of organ 
weight to body weight. 
3. Sources of Data. 
Table 4 lists the number of observations included in the data and their sources. 
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Fig. 10.-Relation of heart weight to body weight in mature animals of 
different species; also this relation during prenatal growth (upper-left inset) 
for man, chick, and pigeon. 
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Fig. H.--Relation between blood weight and body weight. 
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Table 2A. Organ Weights for given body weights of mature animals of different speci
es computed from the 
equation Y = Axb fitted to the data by the method of least squares 
Brain Wt. Thyroid Wt. Adrenal Wt. Pituitary Wt. Heart Wt. Kidney Wt. Lung Wt. Liv
er Wt. Blood Wt. 
gms mg mg mg gms gms gms 
gms gms 
.402 1.83 6.93 .734 .0634 .149 
• 120 .614 .537 
.652 3.48 12.0 1.24 .125 .268 
.239 1.12 1.06 
.865 5.06 16.6 1.70 .187 .377 
.356 1.59 1.59 
1.06 6.60 20.9 2.11 .248 .481 
.473 2.04 2.11 
1.24 8.1u 25.0 2.50 .309 .581 
. 5119 2.48 2.63 
1.40 9.59 29.0 2.88 .369 .678 
• 705 2.90 3.15 
1.56 11.1 32.7 3.24 .430 .772 
.1121 3.32 3.67 
1.71 U.tJ 36.4 3.58 .490 .864 
.937 3.73 4.19 
1.86 '14.0 40.0 3.92 .550 .954 
1,05 4.13 4.70 
2.00 15.4 43.5 4.25 .610 1.04 
1.17 4.52 5.22 
3.24 29.2 75.7 7.20 1.21 1.88 
2.31 8. 25 10.4 
4.30 42.4 105 9.81 1.80 2.64 
3.45 11.7 15.4 
5.26 55 .3 132 12.2 2.39 3.37 
4.511 15.0 20.5 
6.15 68.0 157 14 5 2 97 4.07 
5.71 18.3 25.6 
t>.9tl 80.5 182 16.6 3.56 4.75 
t> .83 21.4 30.6 
7.77 92.tl 206 18.7 4.14 5.41 
7.96 24.4 35.7 
8.53 105 229 20.7 4.72 6.06 
9.08 27.4 40.7 
9.26 117 .. 251 22.7 5,30 6.69 
10.2 30.4 45 .7 
gms gms gms gms _gms gms 
gms gms gms 
9.96 .129 .273 .0246 5.88 7.32 11
.3 33.3 50.7 
16.2 .245 .475 .0417 11.6 13.2 
22.4 60.8 100 
21.4 .356 .657 .0568 17.3 18.5 
33.4 86.4 150 
26.2 .464 .827 .0707 23 .0 23.6 4
4.4 111 199 
30.6 .571 .988 .0838 28.6 28.6 55.3 
134 248 
34_.7 .675 1.14 .0963 34.3 33.3 6
6.2 158 298 
38.7 .779 1.29 .108 39.9 38.0 7
7.1 180 346 
42.4 .881 1.44 .120 45.5 42.5 11
7.9 202 395 
46.1 . 9112 1.58 .131 51.0 46.9 91
1 .11 224 444 
49.6 1.08 1.72 .142 56.6 51.3 110 
245 493 
80.4 2.05 2.99 .241 112 92.2 21
7 447 977 
S & I. 
gms 
980 
1 88 
2 75 
3.61 
4.45 
5.29 
6.11 
6.93 
7.74 
8.55 
16.4 
24.0 
31.5 
38.8 
46.1 
53.3 
60.4 
67.5 
gms 
74.6 
143 
210 
275 
339 
402 
465 
527 
589 
651 
1250 
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30 107 2.99 4.13 .328 167 
1---40 130 3.90 5.20 .413 222 
50 152 4.79 6.21 .485 276 
60 173 5.67 7.18 .557 330 
70 192 6.53 8.12 .626 384 
80 <Ill_ 7._3ll 9.03 .694 438 
90 229 8.24 9.92 .759 492 
100 247 9.08 10.8 .822 545 
200 400 17.2 18.8 1.39 1080 
300 531 25.1 25.9 1.90 1610 
400 648 32.7 32.6 2.36 2130 
500 758 40.2 39.0 2.80 2660 
600 850 47.ti 45.1 3.22 3180 
700 958 54.11 51.0 3.62 3700 
800 1050 62.0 56.8 4 01 4220 
900 1140 69.1 62.3 4.39 4740 
1000 1230 76.2 67.8 4.76 5250 
2000 1990 145 118 8.07 10400 
3000 2640 210 163 11.0 15500 
4000 3230 274 205 13.7 20500 
5000 3770 337 245 16.2 25600 
50000 18800 2830 1540 93.8 24.6000 
100000 L_ 30400 5360 2680 159 487000 
130 324 636 
166 _43U 816 
200 !>3ti 990 
234 ti42 1160 
266 '14'1 1330 
298 852_ 1490 
329 957 1650 
360 1060 1810 
647 2100 3290 
911 3140 4680 
1160 4170 6010 
1400 5190 7290 
1640 6220 8540 
1870 7240 9760 
2090 8260 11000 
2310 9270 12100 
2520 10300 13300 
4540 20400 24300 
6390 30400 34500 
8150 40400 44300 
9850 50300 53700 
69000 488000 396000 
124000 966000 721000 
1460 
1940 
2410 
2890 
3360 
3840 
4310 
4780 
9490 
14200 
18800 
23400 
28100 
32700 
37300 
41900 
46500 
92200 
138000 
183000 
228000 
2210000 
4390000 . 
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3510 
4060 
4600 
5140 
5680 
10900 
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25800 
30600 
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1960000 
3770000 
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.1 
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.5 
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.7 
.8 
.9 
1 
2 
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7 
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Table 2B. Organ weights for given body weights of mature animals of different species computed
 from the 
equation Y = AXb fitted to the data by the method of least squares. 
· Brain Wt. Thyroid Wt. Adrenal Wt. Pituitary Wt. Heart Wt. Kidney Wt. Lung Wt. L
iver Wt • Blood Wt. 
Lbs. Oz. Oz. Oz. Lbs. Lbs. Lbs. Lbs. 
Lbs. 
.00254 .000261 .000816 ,0000822 .000618 ,00118
 ,00118 00502 00528 
.00412 .000495 .00142 .000139 .00122 .00212 
,00234 .00916 .0105 
.00547 .000720 .00196 ,000190 ,00182 .00298 
.00349 .0130 .0156 
.00668 .000940 ,00247 ,000236 ,00242 .00381 
.00463 0167 .0207 
.00780 .00116 .00295 .000280 ,00301 .0046
0 .00577 .0203 0258 
.00886 ,00137 ,00341 .000322 ,00360 .00537 .00690 0238 
.0309 
.00987 .00158 ,00386 .000362 ,00419 .00611 .008
04 .0272 .0360 
.0108 .UU178 .00429 ,000401 ,00478 ,00684 ,00
917 .0305 .0411 
.0118 .00199 .00471 .000438 .00537 ,00756 
.0103 .0338 .0462 
.0126 .00219 ,00512 .000475 ,00595 .00827 .0114 .0370 .0512 
.0205 .00416 .00891 .000806 .0118 .0149 .022
6 .0674 • 102 
,0272 ,00605 .0123 .00110 .0176 .0209 .0338 .0959 .152 
,0333 ,00789 .0155 .00137 .0233 .0267 .0448 .123 201 
.0388 .00970 .0185 .00162 .0290 .0323 .0559 .149 .2
51 
.0441 .0115 .0214 .00186 .0347 ,0376 .0669 .175 .300 
,0491 .0132 .0242 ,00209 .0404 .0429 .0778 .200 .350 
,0539 .0150 .0269 ,00232 .0461 .0480 .0888 .224 .399 
.0585 .0167 .0296 .00254 .0517 .0530 .0997 .248 .448 
,0630 .0184 .0322 ,00275 .0574 .0580 .111 .272 .497 
.102 .0349 .0560 .00466 .114 .104 .219 .497 .985 
.136 .0508 .0773 .00634 .169 .147 .327 .706 1.47 
.165 .0662 .0973 .00790 .224 .187 .434 .906 1.95 
.193 .0814 .116 .00936 .280 .226 .541 1.10 2.43 
.220 .0964 .134 .0108 .335 .264 .647 1.29 2 91 
.244 .111 152 .0121 .389 .301 .754 1 47 3 39 
.268 .126 .169 .0134 .444 .337 .860 1.65 3.87 
.291 .140 .186 .0146 .499 .372 .965 1.83 4.3
5 
.314 .154 .202 .0159 ,553 .407 1.07 2.00 4.82 
.508 .293 .351 .0269 1.09 .731 2.12 3.66 9.56 
.674 .426 .486 .0367 1.63 1.03 3.16 5.20 14.3 
.824 .556 .611 .0457 2.16 1.31 4.20 6.67 19.
0 
.962 .683 .730 .0541 2.70 1.59 5.24 8.09 23.6 
1.09 ,809 .844 .0622 3.22 1.85 6.27 9.48 28
.3 
1.22 .933 .955 .0699 3.75 2.11 7.30 10.8 32.9 
1.34 1.06 1.06 .0774 4.28 2.36 8.32 12.2 37
.6 
1.45 1.18 1.17 ,0847 4.81 2.61 9.35 13.5 42.2 
1.56 1.30 1.27 .0918 5.33 2.85 10,4 14.8 46
.8 
S. & I. 
Lbs. 
,00895 
.0172 
.025Z 
.0330 
,0407 
0483 
.0559 
.0634 
.0708 
.0781 
.150 
.220 
.288 
,355 
.422 
.488 
.553 
.618 
.682 
1.31 
1.92 
2.52 
3.10 
3.68 
4 26 
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Table 3. Organ Weight as percentage of body weight, mature animals of different species, computed from the fitted equation Y = AXb 
Body Wt. Body Wt. Brain Thyroid Adrenal Pituitary Heart Kidney Lung Liver Blood S & I. 
gms oz. % % % % % % % % % % 
.10 .35 4.02 0183 .0693 .0073 .634 1 49 1.200 6.14 5.37 9.80 
20 .71 3.26 0174 .0602 .0062 .626 1.34 1.193 5.60 5.32 9.40 
30 1.06 2.88 0168 .0555 .0057 .622 1.26 1.187 5.31 .5.30 9.18 
40 1.41 2.64 0165 .0524 .0053 .620 1.20 1.182 5.11 5.28 9.03 
50 1.76 2.47 0162 .0501 . .0050 .617 1.16 1.178 4.96 5.27 8.91 
60 2.12 2.34 .0160 .0482 .0048 .616 1.13 1.176 4.84 5.25 8.81 
70 2.47 2.23 .0158 .0468 .0046 .614 1.10 1.173 4.74 5.24 8.73 
80 2.82 2.14 .0156 .0455 .0045 .613 1.08 1.171 4.66 5.24 8.66 
90 3.18 2.07 .0155 .0444 .0044 .611 1.06 1.169 4.59 5.23 8.60 
100 3.53 2.00 .0154 .0435 .0042 .610 1.04 1.167 4.52 5.22 8.55 
200 7.06 1.62 .0146 .0378 .0036 .604 .938 1.156 4.12 5.18 8.20 
300 10.6 1.44 0141 .0349 .0033 599 .881 1.150 3.91 5,15 II.Ul 
400 14.1 1.32 .0138 .0329 .0031 597 .843 1146 3.76 5.13 7.88 
gms Lbs % % % % % % % % % % 
500 1.10 1.23 .0136 .0314 .0029 .595 .814 1.142 3.65 5.12 7.77 
600 1.32 1.16 .0134 .0303 .0028 .593 .792 1.139 3.56 a.1u . 7.69 
700 1.54 1.11 .0133 .0294 .0027 .591 .773 1.137 3.49 a.u9 7.62 
800 1.76 1.07 .0131 .0286 .0026 .590 .757 1.134 3.43 a.ml 7.ati 
900 1 98 1,03 0130 .0279 .0025 589 .744 1132 3 38 a.UH 7.50 
Kgs Lbs '1o % % % % % % % % % 
1 2;20 .996 .0129 .0273 .0025 .588 .732 1.131 3.33 5.07 7.46 
2 · 4.41 .808 .0122 .0234 .0021 .581 .658 1.120 3.04 5.02 7.16 
3 6.61 .714 .0119 .0219 .0019 .577 .618 1.114 2.88 5.00 6.99 
4 8.82 .654 .0116 .0207 ,0018 .575 .591 1.110 2,77 4.98 6.87 
5 11.0 .612 0114 .0197 ~0017 .572 .571 1.106 2.69 4.97 6.78 
6 13.2 .579 .0113 .0191 .0016 .571 .555 1.104 2.62 4.96 6.71 
7 15.4 .552 0111 .0185 :mrrs- .569 .542 1.101 2.57 4.95 6.64 
8 17.6 .530 .0110 .0179 .0014 .568 .531 1.099 2.53 4.94 6.59 
9 19.8 .512 .0109 .0175 .0014 .567 .521 1.097 2.49 4.9a 6.54 
10 22.0 .496 0108 .0171 .0014 .566 .513 1.096 2.45 4.93 6.51 
20 44.1 .402 .0102 .0149 .0012 .560 .461 1.085 2.24 4.88 6.24 
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30 66.1 .355 .0099 .0137 .0011 .556 
40 88 2 .325 0097 . 0129 . 0010 .553 
50 110 .304 .0095 .0124 ,0009 .551 
60 132 .288 .0094 .0119 .0009 .550 
70 154 . 274 .0093 .0115 . 0008 548 
80 176 .264 .0092 .0112 .0008 .547 
90 198 .254 0091 .0110 0008 .546 
100 220 .246 .0090 .0107 .0008 .545 
200 441 .200 .0086 .0093 ,0006 .539 
300 661 .177 ,0084 ,0086 0006 .536 
400 882 .162 .0082 ,0082 ,0005 .533 
500 1102 .151 .0080 .0078 .0005 .531 
600 1323 .141 .0079 .0075 .0005 .529 
700 1543 .136 . 0078 . 0072 .0005 .528 
800 1764 .131 ,0077 .0070 ,0005 .527 
900 1984 .126 .0076 ,0069 .0004 ,526 
1000 2205 .122 ,0076 .0067 .0004 .525 
2000 4409 ,099 .0072 .0058 .0004 .519 
3000 6614 ,088 .0070 .0054 .0003 .515 
- 4000 8818 ,080 .0068 ,0051 .0003 .513 
5000 11023 .075 .0067 .0049 .0003 .511 
50000 110231 ,037 .0056 .0030 ,0001 .493 
100000 220462 .030 .0053 .0026 .0001 .487 
.433 1.079 2.12 4~-86 
.414 1.075 2.04 4.84 
.400 1.072 1.98 4,83 
.389 1.069 1.93 4.82 
,380 1.066 1.89 4.81 
.372 1.065 1.86 4.80 
.365 1,063 1.83 4.79 
.359 1.062 1.81 4.78 
.323 1.056 1.65 4.74 
.304 1.046 1.56 4.72 
.290 1.042 1.50 4.70 
.280 1.038 1,46 4.69 
. 273 1.036 1.42 4.68 
.266 1.033 1,39 4.ti7 
. 261 1.032 1.37 4.66 
, 256 1.030 1.35 4.65 
.252 1.029 1.33 4.65 
.226 1.019 1.21 4.61 
. 213 1.013 1.15 4.58 
.203 1.009 1.11 4.57 
.196 1.006 1.07 4.56 
.138 .975 .79 4.43 
. 124 .965 .72 4.39 
6.09 
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Table 6. Prediction Table and Statistical Constants for Fitted Equations 
Organ Wt. = a (Body Wt.) b For Mature Dairy Cattle of Different 
Live Weight 
Liver Blood Heart Lungs Intestines Stomach 
(1) b ,66 .61 .56 .52 .45 .34 
12> Sb ,08 .10 ,07 ;to .06 .07 
(3lp ,50 .39 .50 .34 .44 .33 
(4) +SR,% 13.8 17.7 11.6 18.0 10.8 8.6 
(5) -SR,% 12.1 15.0 10.4 15.3 9. 7 7.9 
(6) a ( • 127 lb. .58 lb • .018 lb. .187 lb. .94 lb. 3.76 lb. 
Brain 
.12 
.06 
.13* 
10.8 
9.7 
6.82 oz • 
! Qlll Kit. . ~a Ke:. ,Q!H Ke;, .128 Kg, ,§l Kit. 2.22 Kit. 11!3 am. 
Body 
Weight Organ Weights, Pound System 
lbs, lbs, lbs, lbs, lbs lbs lbs. ozs, 
800 10.5 34.4 3,78 6.22 18.5 35.7 14.9 
850 10.9 35.7 3.91 6.42 19.0 36.4 15.0 
900 11.4 37.0 4.04 6.62 19.5 37.2 15.1 
950 11.8 38.2 4.16 6.81 20.0 37.8 15.2 
1000 12.2 39.4 4.28 6.99 20.4 38.5 15.3 
1050 12.6 40.6 4.40 7.18 20,9 39.1 15.4 
1100 l3.0 41.8 4.52 7.35 21.3 39.8 15.5 
1150 13.4 42.9 4.63 7.52 21.7 40,4 15.6 
1200 13.7 44.1 4.74 7.70 22.2 41.0 15.6 
1250 14.1 45.2 4.85 7.86 22.6 41.5 15.7 
1300 14.5 46.2 4.96 8.02 23.0 42.1 15.8 
1350 14.8 47,3 5.07 8 •. 18 23.4 42.6 15.8 
1400 15.2 48.4 5.17 8.34 23.7 43.1 15.9 
1450 15.6 49.4 5.27 8.50 24.1 43.6 16.0 
1500 15.9 50.5 5.37 8.65 24.5 44.1 16.0 
1550 16.3 51.5 5.47 8.80 24.8 44.6 16.1 
1600 16.6 52.5 5.57 8.95 25.2 45.1 16.2 
Organ Weights, Kilogram System 
Kg. Kg. Kg. Kg. Kg. Kg. Gm. 
350 4.66 15.3 1.68 2.77 8.26 16.0 420 
375 4.87 15.9 1.75 2.87 8.51 16.4 424 
400 5.09 16.6 1.81 2.97 8.76 16.7 427 
425 5.29 17.2 1.87 3.07 9.00 17.1 430 
450 5.50 17.8 1.94 3.16 9.23 17.4 433 
475 5.70 18.4 1.99 3.25 9.46 17.7 436 
500 5.90 19.0 2.05 3.34 9,68 18.0 438 
525 6.09 19.5 2.11 3.42 9.89 18.4 441 
550 6.28 20.1 2.16 3.51 10.1 18.6 443 
575 6.47· 20.7 2.22 3.59 10.3 18.9 445 
600 6.65 21.2 2.27 3.67 10.5 19.2 448 
625 6.83 21.7 2.32 3.75 10.7 19.5 450 
650 7.01 22.3 2.38 3,83 10.9 19.7 452 
675 7,19 22.8 2.43 3.91 11.1 20.0 454 
700 7.36 23.3 2.48 3.98 11.2 20.2 456 
725 7.53 23,8 2.52 4,06 11.4 20.5 458 
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C1) The constant b represents approximately (exactly for exceedingly small changes) the percentage ch!).llge in organ weight corresponding to a 1% change in body weight. Thus, when the body weight increases from 850 to 950 pounds, which is a change of 11.76%, the intestines increase from 19.0 to 20.0 pounds, which is a change of 
5.26%. Therefore, b =~ = .45. 
<2> The constant Sb is the standard error of the slope b. For similar sets of data C204 cows of various breedsl the values of b could be expected two times out of three to differ from our values of b by not more than ±Sb. 
C3) The constant/', the coefficient of correlation of the logarithms of the variables, indicates the degree of relationship between variables. 
C4l & C5) The constants +SR and -S.,, called the standard error of estimate, indicate the percentage range about the trtted line that includes 2/3 of the data. For 
example, the weight of intestines of similar 950-pound cows would not be expected 
more than one time in three to exceed 20 pounds by more than .108 x 20 = 2.16 pounds, or fall below 20 pounds by more than .097 x 20 = 1.94 pounds. 
(6) The constant a is empirical, and unlike the other statistical constants depends on the units employed. 
* Not significant. 
